Ann Coloproctol 2016;32(2):58-65 http://dx.doi.org/10. 3393/ac.2016.32.2.58 Purpose: Mucinous cells (MUCs), signet-ring cells (SRCs), and poorly differentiated cells (PDCs) are uncommon histologic types and have been associated with advanced tumor stage and poor prognosis. However, MUCs, SRCs, and PDCs are commonly observed in cancers with high microsatellite instability (MSI), which have favorable outcomes compared with cancers with microsatellite stability (MSS). The purpose of this study was to evaluate the prognostic impact of high-MSI in patients with sporadic colorectal cancer presenting with MUCs, SRCs, and/or PDCs. Methods: Between January 2006 and December 2012, 176 with proven microsatellite status who also presented with MUCs, SRCs, and PDCs were selected for this study and were divided into 2 groups, high-MSI and MSS; their outcomes were analyzed. Results: Of the 176 patients, 56 and 120, respectively, had high-MSI and MSS cancers. High-MSI cancers had larger tumors, proximal tumor location, and a lower TNM stage. The recurrence rate was lower in the high-MSI group (13.7% vs. 35.4%, P = 0.006). Common patterns of distant metastasis for MUC, SRC, PDC cancers were peritoneal spread (46.9%) and hematogenous metastasis (46.4%). The 5-year CSS rates were 88.2% and 61.2% for patients with high-MSI and MSS cancers, respectively (P < 0.0001). In the multivariate analysis, except for stage-IV cancer, MSI status was an independent risk factor for cancer-specific survival (MSS: hazard ratio, 4.34; 95% confidence interval, 1.68-11.21). Conclusion: In patients with colorectal cancer presenting with MUCs, SRCs, and/or PDCs, those with high-MSI cancers had better outcomes.
INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide, and several histological types of adenocarcinomas have been reported to be associated with varied survival outcomes [1] [2] [3] [4] . Mucinous cell (MUC), signet-ring cell (SRC), and poorly differentiated cell (PDC) cancers are uncommon histologic types, with MUCs being present in 5%-12% of CRCs, SRCs in 0%-1%, and PDCs in 5%-20% [5, 6] . However, these histologic types are generally associated with an advanced tumor stage and poor patient outcomes [1] [2] [3] 7] . Although CRCs presenting with MUCs, SRCs, and PDCs are histologically inhomogenous, they are reported to share similar clinicopathologic features and biologic behaviors [8, 9] . Especially, the distinct clinical and pathologic features among these histologic types mainly depend on the microsatellite instability (MSI) status [10] , with MUCs, SRCs, and PDCs being more frequently seen in high-MSI tumors than in microsatellite stable (MSS) tumors [8, 11] .
MSI, which represents a defective mismatch repair gene, has been identified in most cancers in individuals with hereditary non-polyposis CRC; however, the majority of MSI tumors are found in individuals with sporadic disease [12] . About 15% of all colorectal carcinomas have MSI, and 75%-80% of that group has acquired methylation of MLH1; only 2%-3% of all CRCs have germline mutations in one of the mismatch repair genes [12] . CRCs presenting with MUCs, SRCs, and PDCs show more aggressive pathologic features and poorer prognosis than those presenting with well-or moderately differentiated cells; however, MSI cancers, which include many of these aggressive histologic types, show a relatively favorable prognosis compared with MSS cancers [11] . However, data on the MSI status as a prognostic factor for CRC remains inconclusive because of the small numbers of patients and the different histologies in the studies [2, 11] . The present study aimed to evaluate the prognostic impact of MSI in patients with sporadic CRC presenting with mucinous, signetring, and poorly differentiated adenocarcinomas.
METHODS
This is a retrospective study of 1,232 CRC patients with proven microsatellite status from 2006 to 2012. Of those, 176 patients presented with MUCs, SRCs, and PDCs and with proven microsatellite status in cancer tissue after resection of the primary CRC. Patients who presented with metachronous or recurrent cancer, inflammatory bowel disease, familial adenomatous polyposis, and positive family history suggestive of hereditary nonpolyposis CRC by the Amsterdam I & II criteria were excluded.
Classifications of MUCs, SRCs, and PDCs were performed in accordance with the World Health Organization (WHO) criteria: a mucinous carcinoma with its extracellular mucinous component representing more than 50% of the lesion; a SRC carcinoma with the presence of SRCs (intracytoplasmic mucin) in more than 50% of the lesion; a poorly differentiated carcinoma with less than 50% of the lesion showing poor gland development with the formation of irregular clusters or sheets [11] . All tumors were staged according to the sixth edition of the TNM classification of American Joint Committee on Cancer. The sites of the primary cancers were divided into right colon (from the cecum to the distal transverse colon) and left colon or rectum (from the splenic flexure to the rectum). Distant metastatic sites were stratified into three main spread patterns: hematogenous (liver, lungs, bones), lymphatic (systemic lymph node, lymphangitic pulmonary metastasis) and peritoneum (peritoneum/ovary).
Molecular analysis for MSI status was performed using a standard polymerase chain reaction (PCR) method [12] . Tissue samples from the tumor and the normal colonic mucosa were obtained from each patient after resection. After DNA isolation from a paraffin-embedded specimen from each patient, an MSI analysis was performed with the five microsatellite markers of the Bethesda Consensus Panel (D2S123, D17S250, D5S346, BAT25, and BAT26). MSI was determined by using the mobility shifts of the products from PCR. In tumors with MSI, additional bands were found in the normal allele regions. As the National Cancer Institute recommends, tumors with instability at two or more microsatellite loci were defined as high-MSI tumors; those with instability at one marker, as low-frequency microsatellite unstable (low-MSI); and those without instability, as MSS [12] .
The clinicopathological data, including age (years), sex, initial carcinoembryonic antigen (CEA) value (ng/mL), tumor location (right versus left), tumor size (cm), lymphatic invasion, vascular invasion, neural invasion, TNM classification, MSI status, site of distant metastasis, and postoperative survival, were analyzed. The median follow-up period of the study was 38 months. We divided the 176 patients into 2 subgroups: patients who had high-MSI and those who had MSS (and low-MSI) [8, 12] . Patients were followed up at 3-month intervals for the first 2 years and then at 6-month intervals for the last 3 years to evaluate recurrence and at 2-to 3-month intervals to assess disease progression. Follow-up examinations included physical examinations, determinations of CEA level, and computed tomography or positron emission tomography scans. Data were described as categorical variables by using the Pearson chi-square test or Fischer exact test. The Kaplan-Meier method with the log-rank test was used to conduct the survival analysis according to MSI status. The cancer-specific survival (CSS) was computed from the date of surgery to the date when the patient was last known to be alive. Finally, a multivariate Cox regression analysis was done to evaluate the independent prognostic factors, adjusting for possible confounding factors. All statistical tests were assessed at the conventional 0.05 level of significance. Statistical analysis was conducted with IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). A P-value of 0.05 or less was considered statistically significant.
RESULTS
Of the 176 patients, in 90 (51.1%), the site of the cancer was the right colon, and in 47 of 176 (26.7%), it was the rectum. The frequencies of high-MSI by cell type were 20/70 for MUC (20 patients with high-MSI/70 patients presenting with MUCs = 28.6%), 3 of 15 (20.0%) for SRC, and 33 of 91 (36.3%) for PDC. The clinicopathologic characteristics according to MSI status are summarized in Table 1 . The 176 included 101 males (57.4%) and 75 females (42.6%) with a mean age of 59.5 years (range, 17-84 years). Compared to patients with MSS cancers, those with high-MSI cancers tended to be young (≤55 years) (46.4% vs. 31.7%, P = 0.058). The high-MSI cancer was more commonly located in the right colon than the left colon (80.4% vs. 19.6%, P < 0.001). High-MSI cancers had more favorable pathologic features than MSS tumors (vascular invasion: 10.7% vs. 25.8%, P = 0.002; neural invasion: 25.0% vs. 52.5%, P = 0.001), even though the size of high-MSI cancers was statistically larger than that of MSS cancers. However, the frequencies of lymphatic invasion in patients with high-MSI and MSS cancers were similar, 67.9% and 71.7%, respectively (P = 0.630). The incidences of T4 tumors were 25.0%
Prognostic Impact of Microsatellite Instability in Colorectal Cancer Presenting With Mucinous, SignetRing, and Poorly Differentiated Cells Sang Hun Jung, et al. and 42.5% in patients with high-MSI and MSS cancers, respectively, but the difference was not significant (P = 0.080). However, the incidence of lymph-node metastasis was significantly lesser in the high-MSI group than in the MSS group (42.9% vs. 67.5%, P < 0.001). In addition, the presence of synchronous distant metastasis in patients with high-MSI cancers was lower than it was in patients with MSS cancers (8.9% vs. 34.2%, P = 0.001). The adjuvant chemotherapeutic regimens for stage-II or -III patients (n = 120) were 5-fluorouracil-based (n = 87) and oxaliplatin-based (n = 37) regimens, and 20 patients (11.9%) had preoperative chemoradiotherapy for locally advanced rectal cancer.
The overall systemic recurrence rate after a resection with curative intent for patients with MUC/SRC/PDC CRCs, except stage IV, was 26.9% (35 of 130 patients). The rate of systemic metastasis for patients with high-MSI cancers was significantly lower than that of patients with MSS cancers (13.7% [7 of 51 patients] vs. 35.4% [28 of 79 patients], P = 0.006). The organs of synchronous or metachronous dissemination at first presentation are listed in Table 2 . Overall, peritoneal dissemination was present in 38 of 81 patients (46.9%) with MUC/SRC/PDC CRCs and was common compared with 37 of 80 patients (46.4%) with hematogenous metastasis regardless of MSI status. The incidence of peritoneal metastasis for patients with high-MSI cancers was significantly less than that of patients with MSS cancers (5.4% vs. 29.2%, P < 0.001), and hematogenous metastasis was infrequent in patients with high-MSI cancers compared with those with MSS cancers (8.9% vs. 26.7%, P = 0.007). However, the incidences of systemic lymph-node metastases in the 2 groups showed no statistically significant difference (10.7% in the high-MSI group vs. 19.2% in the MSS group, P = 0.159).
The overall 5-year cancer-specific survival rates (CSSRs) were 88.2% and 61.2% for the high-MSI and the MSS patients, respec- tively (P < 0.001) (Fig. 1) . This difference was also demonstrated in the MUC (89.1% vs. 49.6%, P < 0.001) and the PDC (89.9% vs. 44.7%, P < 0.001) patients, but not in the SRC (66.7% vs. 16.7%, P = 0.161) patients. The 5-year CSSR for high-MSI patients, except stage IV, was significantly higher than that of MSS patients (87.2% vs. 62.2%, P = 0.008) (Fig. 2) . In the subgroup analysis, the 5-year CSSR for stage II high-MSI patients was statistically higher than that of MSS patients (96.5% vs. 66.5%, P = 0.009), but for patients with stage-III cancer, the CSSRs for the two groups were not significantly different (71.1% vs. 55.2%, P = 0.161). Of the 5 stage-IV high-MSI patients, 3 underwent a liver resection for curative treatment, and for those 3 patients, no additional recurrences were found during a 5-year follow-up. One high-MSI patient died from a cardiovascular attack, and another underwent radiation therapy for an internal iliac lymph-node metastasis.
To identify the risk factor influencing CSS, we used the Cox regression hazards model to analyze covariates of gender, age, CEA level, tumor location, lymphatic invasion, vascular invasion, neural invasion, T4 invasion, regional lymph-node metastasis, distant metastasis and MSI status. From our analysis, the presence of a MSS tumor was an independent risk factors that worsened CSS compared with the presence of a high-MSI tumor (CSS: hazard ratio, 4.340, 95% confidence interval, 1.680-11.213) ( Table 3) .
DISCUSSION
The degree of differentiation, as well as some histologic morphologies, of colorectal adenocarcinomas has been considered to reflect the grade of malignancy. CRCs presenting with MUCs, SRCs, or PDCs have been noted to have poor prognosis and to present with more advanced disease stage compared with CRCs with well-or moderately differentiated cells [11] . However, the prognoses for patients with MUC/SRC/PDC CRCs are not uniform [13, 14] . This may result from the small number of patients with, and the different molecular features for, colorectal carcinogenesis in patients with MUC/SRC/PDC CRCs [15] . The occurrence of high-MSI in patients with CRC has been noted to be associated with a favorable prognosis compared with the occurrence of MSS in patients with CRC. Interestingly, patients with high-MSI cancers tend to show MUCs/SRCs/PDCs, which have bad clinical or pathologic features [11] . Therefore, MSI status may be an important factor for giving a prognosis for patients with CRCs presenting with MUCs/SRCs/PDCs. In this study, we found that high-MSI CRC with the presence of MUCs/SRCs/ PDCsI was an independent positive prognostic factor for CSS. In addition, high-MSI cancers appeared to have more favorable clinicopathologic features than MSS cancers [8] .
High-MSI CRCs have been reported to present with a lower overall stage, and this was also confirmed in present study [5, 16, 17] . CRCs presenting with MUCs/SRCs/PDCs are known to be histologic subtypes showing a high malignancy potential. In this study, about 90% of all MUC/SRC/PDC cancer tumors were T3 or T4 in invasion depth of the primary tumor regardless of MSI status. Especially, the rate of T4 tumors in MSS cancers was approximately 40%, which is high compared with the values of about 15%-20% reported in the literature, as well as the values of 85%-90% for cancers with well-and moderately differentiated cells [11, 17] . The incidence of stage II in patients with high-MSI cancers with MUCs/SRCs/PDCs was about 50%, although that of patient with MSS cancer was approximately 26%; the rate of stage II reported in the literature is generally 30%-35% [5, 17] . Moreover, 50% with MSS cancer had four and more lymph-node metastases compared with about 12.5% with high-MSI cancers. The frequency of stage-IV MSS cancers at presentation (34.2%) was higher than that of high-MSI cancers (about 9%) [2, 18] . This incidence for high-MSI cancers with MUCs/SRCs/PDCs was particularly low compared to the values of 15%-22% reported in the literature [8, 16] . Therefore, patients with high-MSI CRCs with MUCs/SRCs/PDCs will present with a low TNM stage compared with patients with MSS CRCs. Although high-MSI cancer and MUC/SRC/PDC histologic subtypes are common in proximal colon compared with distal colon, the mechanism underlying this difference has still not been identified.
In the present study, the incidence of distant metastasis of high-MSI CRCs presenting with MUCs/SRCs/PDCs after curative treatment was approximately 12%, which was lower than that of MSS cancers [19] . The frequency of distant metastasis for MSS tumors was about 35%, which is higher than the 20%-25% usually given in the literature [5] . This may highlight the invasiveness of most CRCs presenting MUCs/SRCs/PDCs without high-MSI. Hematogenous spread is a predominant metastasis pattern of CRC [5] . Hematogenous metastasis in MUC/SRC/PDC CRCs was under half of all systemic metastases, regardless of MSI status [19] . The low incidence of hematogenous metastases in our study is because of the high risks of metastatic systemic lymph-nodes in MSI cancers and of peritoneal metastasis in MSS cancers. Distant metastasis in MUC/SRC/PDC CRC without high-MSI appeared to be due to a tendency to spread to the peritoneum/ovaries, which we observed in about 50% of the patients with MSS tumors in our study [17, 18] . This is comparable to previous findings that reported the rate of peritoneal metastasis in SRC, MUC or PDC patients to be over 50% [20] . In addition to T or N status, several tumor-related factors have been identified as adverse prognostic features. Vascular invasion represents a crucial step in the formation of micrometastases. A significantly low proportion of vascular invasion in high-MSI tumors was observed in our study [11] , but the rate of neural invasion in patients with MUC/SRC/PDC CRC with MSS was high compared with other reports [18] . The high incidence of peritoneal metastasis and the relatively low incidence of hematogenous spread may be regarded as a characteristic systemic spread pattern for CRC presenting with MUCs/ SRCs/PDCs. MUC/SRC/PDC CRCs, as a whole, have a more advanced pathological TNM stage and show worse patient survival than welland moderately differentiated cancers [2, 5] . Some authors have reported that patients with MUC/SRC/PDC CRC located in the proximal colon have a better prognosis than those with MUC/ SRC/PDC CRC in a distal location [14, 21] . The favorable prognosis of proximal MUC/SRC/PDC CRC might be partly attributed to the possible dominance of MSI cancers which show better prognosis than MSS cancers [8] . Compared with the reported incidence of about 7% for high-MSI in well-or moderately differentiated carcinomas, that for high-MSI in MUC/SRC/PDC cancers is reported to range from 20% to 40%, and these results are consistent with the results of this study [11] . Most high-MSI tumors have been reported to be located proximal to the splenic flexure, which is consistent with our result of about 80% [15] . However, 
